CONVERSION FACTORS AND VERTICAL DATUM
For the convenience of readers who prefer metric (International System) units to the inch pound units used in this report, the following conversion factors may be used: 
IDENTIFICATION OF POTENTIAL WATER-RESOURCES-MONITORING SITES IN THE CROTON RESERVOIR SYSTEM, SOUTHEASTERN NEW YORK
By Kristin S. Linsey, Stephen W. Wolcott, and Nancy B. Schoonmaker
ABSTRACT
Urbanization has led to the deterioration of water quality within the Croton Reservoir system, a 374-square-mile watershed with 12 reservoirs in southeastern New York that supply 10 percent of New York City's water. Water-resources managers need hydrologic data to develop plans to protect and conserve the water resources of this watershed. In 1990, the U.S. Geological Survey in cooperation with New York City Department of Environmental Protection (NYCDEP) began a 2-year program to establish water-resources data-collection sites that, together, would provide managers with the information needed to monitor and evaluate the water resources of the Croton Reservoir System.
Sites for the water-resources monitoring network in the Croton Reservoir system were subjectively selected with the aid of a Geographic Information System (GIS). The site-selection process entailed (1) developing a GIS data base of long-term and current water-resources data, and (2) using the GIS data base to identify potential sites for (A) water sampling and (B) measurement of surface-water flow into and out of selected reservoirs and (C) monitoring ground-water levels. Use of a GIS to store the data collected for this study aided in the analysis of the data during the site-selection process and could be used in a similar manner to establish water-resources-monitoring networks in other watersheds.
The data base that was developed in this study contains 13 GIS coverages and 2 related tables. Data were obtained from the NYCDEP, the New York State Department of Environmental Conservation, and the U.S. Geological Survey (USGS) National Water Information System (NWIS) data bases. The scale of the source maps ranged from 1:24,000 to 1:250,000.
Three groups of potential monitoring sites were identified: (1) reservok-outflow-monitoring sites, (2) reservok-inflow-monitoring sites, and (3) ground-water-monitoring areas. Eight reservok-outflow-monitoring sites were identified to obtain discharge and water-quality data for eight of the twelve reservoks within the system and nine reservok-inflow-monitoring sites were selected to provide data on streamflow characteristics and chemical quality of water flowing into these reservoks. Sixteen ground-water monitoring areas were selected to provide an overview of ground-water levels and chemical quality of ground water in the Croton reservok system.
INTRODUCTION
Urbanization and changes in land use can alter the quality and quantity of water that flows from a given watershed. Expanding urbanization in the 374-mi2 Croton River basin ( fig. 1 ) in southeastern New York has led to the deterioration of water quality in the Croton Reservok system, which is managed by the City of New York and supplies 10 percent of the City's water, but could supply as much as 25 percent during periods of drought (Goldin, 1989) . The water does not require filtration at present, but if current trends in population growth ( fig. 2 ) and in waterquality deterioration continue, filtration and other costly types of treatment may be required. Waterresources managers need data on reservok storage, streamflow, ground-water levels, and the chemical quality of ground water and surface water to monitor these resources and to develop plans to protect and conserve them.
In 1990, the U.S. Geological Survey (USGS), in cooperation with the New York City Department of Environmental Protection (NYCDEP), began a 2-year study to identify appropriate data-collection sites for monitoring the water resources of the Croton Reservoir system. This water-resources monitoring network would consist of three categories of sites reservoiroutflow-measurement sites, reservoir-inflow-measurement sites, and ground-water-monitoring areas. Waterquality data would be collected at all sites in each of the three categories.
The main objective of the study was to subjectively establish the optimum number and location of sites needed to adequately monitor streamflow, ground-water levels, and chemical quality of surface water and ground water in the basin. Other objectives were to document the approach used for site selection and to develop data bases, through Geographical Information System (GIS) technology, for use during the study and in the future. The type of GIS data bases developed in this study could be used to help establish water-resources-monitoring networks in other watersheds. A total of 13 GIS coverages and 2 data tables were developed.
Purpose and Scope
This report describes (1) the categories of data that were collected, (2) which types of data from each category were used in the subjective site selection, and (3) the potential sites that were selected as appropriate for the water-resources monitoring network. Selected data that were compiled during this study are depicted on 10 maps that were generated with a GIS. The appendix summarizes the type and sources of data, the map scale, and the procedures used in the development of the 13 coverages and the 2 related data tables for this study.
-inflow data enable monitoring of changes in the reservoir storage and detection of changes in the chemical quality of their water. Ground-water data allow calculation of the availability and quality of ground water that contributes to baseflow throughout the watershed. Thus the data-collection sites would be selected in locations that would provide those types of data; sites also would be selected in areas that represent unique characteristics related to land use or bedrock geology, or with characteristics that are similar to those in other parts of the watershed, so information would be transferable to those areas.
The study was conducted in two stages. The first stage entailed collection of long-term and current data on population, bedrock and surficial geology, streamflow, ground-water levels, chemical quality of surface water and ground water, and land use. Sources of data included the New York City Department of Environmental Protection, the New York State Department of Environmental Conservation (NYSDEC), county agencies, and U.S. Geological Survey National Water Information System (NWIS) data bases. The scale of the maps from which data were collected ranged from 1:24,000 to 1:250,000. The data were incorporated into a GIS data base; similar types of data were merged into a single data set or table.
The second stage of the study entailed using the GIS data bases to subjectively identify potential datacollection sites for the water-resource-monitoring network. The primary sources of data that were used to help select reservoir-outflow sites included the locations of dams maintained by New York City, subbasin drainage boundaries, and surface-water diversions. The reservoir-inflow sites were selected from data bases showing subbasin drainage boundaries and the land-use practices within the study area, and the ground-watermonitoring areas were selected from the previously determined reservoir-inflow subbasin drainage boundaries and from surficial and bedrock geologic maps.
Approach
Development of plans to protect and conserve the water resources of the Croton Reservoir system will require a variety of hydrologic data, including lake or reservoir outflows and inflows, ground-water levels, and chemical quality of surface water and ground water within the basin. Reservoir-outflow and
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SITE SELECTION
The process of identifying potential waterresources-monitoring sites began with the collection of water-resources information on past and present monitoring sites for water-quality sampling and other data such as population and land-use. The results of the data were organized and compiled into data sets, which were used to subjectively identify potential monitoring sites. The objective of final site selection was to adequately represent the water resources of the Croton Reservoir system with an optimum number of sites.
The following sections describe (1) the sources from which site-selection data were obtained, and (2) the process used to identify sites that are potentially suitable for the monitoring network.
Data-Base Development
Water-resources data from USGS and NYCDEP data bases were developed into GIS data sets and(or) compilations of data through the ARC/INFO1 GIS, and each GIS data set or data compilation was categorized into as one of four types general information, surfacewater data, ground-water data, or water-quality data.
The GIS data base consists of a set of data "layers" or "coverages" that can be displayed as a map representing a specific category of data for a given geographic area. All data stored in a coverage are categorized as points, lines (arcs), or polygons. For example, well locations are represented as points, roads as arcs, and areas with a predominant land use as polygons. Coverages can be easily compared or overlain to identify intersections of spatial or point data, as was done to subjectively identify locations potentially suitable for monitoring sites. Additionally, the coverages can be combined to create maps that depict the contents (or partial contents) of the coverages. All maps in this report were created in this manner from the coverages developed in this study, but not all coverages developed for this study were used in production of these maps.
The following sections describe how the GIS coverages used to make the maps in this report were The use of trade or product names in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey.
developed. Site names, locations, and types of data collected are listed in tables 1 through 7. Descriptions of all 13 GIS coverages and the two related data compilations are given in the appendix, which includes the type of coverage or data compilation, the map scale and the source of data, and the procedures used in development of each coverage or data array.
General-Use Data
The general-use data category refers to three data sets hydrography, roads, and population.
Hydrography ( fig. 1 ). This data set represents the major surface-water features in the Croton Reservoir system rivers, streams, aqueducts, reservoirs, and lakes. The major rivers are the Croton River, with its West, Middle, and East Branches, and the Muscoot River, the Titicus River, the Cross River, and the Kisco River (the four smaller tributaries to the Croton River). The 12 reservoirs in the study area, all of which supply water to New York City, are: Boyd's Corner (the smallest), West Branch, Middle Branch, East Branch, Bog Brook, Diverting, Croton Falls, Titicus, Cross River, Amawalk, Muscoot, and New Croton (the largest). The study area contains three aqueducts the Catskill Aqueduct (which originates west of the study area, and although it has a connection at the New Croton Reservoir, its water usually bypasses the Croton watershed); the Delaware Aqueduct (which also originates west of the study area, and has connections to the northwest and southern ends of the West Branch Reservoir and to the Cross River Reservoir); and the New Croton Aqueduct (which originates within the study area at the New Croton Reservoir and is the primary source of water release for the Croton Basin). The hydrography coverage was developed from l:100,000-scale digital line graphs (DLG) obtained from the USGS. It was then enhanced by digitizing smaller streams from l:24,000-scale USGS topographic maps. A wetland area is represented by a line through the center of the wetland area rather than by the boundary of the wetland area.
Roads ( fig. 1 ). This coverage includes the transportation routes in the study area, from all major highways to most town roads and streets. The major highways in the study area are Interstate 84 in the northeastern part of the study area, the Taconic State Parkway in the western part, Interstate 684 (which intersects Interstate 84 in the northeast and runs south toward New York City), and the Sawmill River Parkway (which runs northeast to southwest and connects Interstate 684 with the Taconic State Parkway). This data set was developed from Digital Line Graphs (DLGs) (scale 1:100,000) obtained from the USGS. Commerce, 1990) for the conterminous United States. Each point in this map represents the approximate geographical center of a "census block group;" a census block group is the next to smallest geographic area in the Bureau of the Census hierarchy of geographic presentation. Data for each census block include the total number of persons and housing units.
Surface-Water Data
The surface-water data include four data sets basins, dams, surface-water diversions (deliveries and withdrawals), and surface-water gages.
Basins ( fig. 4 ). This coverage includes the outline of the 374 mi2 drainage basin and the boundaries of its 229 subbasins. The USGS drainage-area compilation for New York (Wagner, 1982) is continually updated, and, as part of this process, GIS coverages are being developed that contain the boundaries of all drainage basins and subbasins in New York. These boundaries are delineated by the USGS and checked by the Natural Resources Conservation Service.
Dams (Fig. 4) . This category contains information on dams on the streams and reservoirs in the Croton Reservoir system and includes the name of the owner of the dam and the body of water impounded by the dam (fig. 4) . The information was obtained from a list of dams (July 1983) provided by NYSDEC from their Dam Safety Project data base. The study area contains 17 dams that are owned by New York City (these impound water in the 12 reservoirs in the study area) and 84 dams that are privately owned.
Deliveries and withdrawals. This data compilation represents all deliveries and withdrawals from the Croton Reservoir system. The data, provided by the NYCDEP, included the losing or receiving body of water, the amount of water diverted, and the agency responsible for the diversion. Locations and amounts of 1990 deliveries and withdrawals are plotted in figure 3 . The primary diversion (837.73 Mgal/d in 1990) into the Croton Reservoir system is from the Delaware Aqueduct into the northwestern end of the West Branch Reservoir (fig. 3) fig. 4 ). The USGS has also measured streamflow at 78 other locations (including low-flow sites, peak-flow sites, creststage gages, and miscellaneous-measurement sites) within the study area. The NYCDEP collects reservoir-stage data on each of the 12 reservoirs in the Croton Reservoir system.
Data on surface-water data-collection sites were obtained from USGS data bases and publications. Active and inactive USGS streamflow-measurement locations were obtained through a retrieval from the USGS National Water Information System (NWIS) data base and from USGS publications. The GIS data sets were then created from the location data obtained from these sources. Information in this data set includes the name of each site, USGS station number, type of data collected, drainage area, number of measurements made during the period of record, and the period of record. v^--. 
.^,/ > i\ ' r I--\ J <-^ti;Mt^vi^i>^- [Locations are shown in fig. 4 . indicates data undetermined or not applicable; LF = low flow,* PF = peak flow,* CS = crest stage,* LK = lake, MS = miscellaneous measurement, ASF = active continuous streamflow, ISF tpeak flow, PF, is a site where instantaneous or continuous discharges have been measured or determined during a peak flow period. *Crest stage, CS, is a site where peak stage is measured during a peak flow period and may or may not have a calculated discharge associated with the peak stage.
Ground-Water Data
Four data sets were developed for the groundwater data category surficial geology ( fig. 5A ), bedrock geology ( fig. 5B ), selected potentially high-yielding wells, and ground-water withdrawal sites for public water supply.
Surficial and bedrock geology (figs. 5A, 5B). These data sets represent the boundaries of the surficial deposits and the bedrock formations; the boundary data were digitized from bedrock and surficial geology maps obtained from the New York State Geological Survey (Cadwell and others, 1986; Fisher and others, 1970) . The surficial material in the study area consists primarily of till. Recent deposits and(or) stratified drift are present in many streams valleys, but only the most extensive deposits are shown in figure 5A . Recent deposits include swamp deposits or alluvium and outwash sand and gravel. Most wells finished in stratified drift are generally more productive than wells finished in other surficial withdrawals. The five most common types of bedrock in the study area are the Biotite-quartz-plagioclasegneiss (bqpc), the Inwood marble (OEi), the Manhattan schist (Om), the Fordham gneiss (f), and the Amphibolite (am) units.
Potential sites for high-yielding wells (figs. 5A, 5B). The ground-water data coverage (figures 5A
and 5B) represents ground-water withdrawal sites within the study area. Figure 5A represents 30 wells screened in surficial aquifers, and figure 5B represents 102 wells finished in bedrock aquifers. The largest yield from a surficial aquifer (#93, Westchester 1063, near Cross River Reservoir) was 600 gal/ min, and the largest yield for a bedrock well (#24, Westchester 2048 near Croton Falls Reservoir) was 235 gal/min. The data base includes the rate of water withdrawn at each site, site-identification numbers, and source aquifers (table 2). These data were obtained from the USGS NWIS data base and represents all wells in the study area that had a reported yield of at least 50 gal/min.
Ground-water-withdrawal sites for public water supply (figs. 5A, 5B). This data base includes the amount of ground water withdrawn at each site, the population served, and well-identification numbers (table 2). A retrieval of public-water-supply groundwater withdrawal sites was made from the USGS NWIS data base; the data for this data set originally came from the New York State Department of Health and represent the year 1981. The largest amount of water withdrawn from a ground-water source by a public water supplier in the study area was 459 gal/min by Bedford Consolidated (#61); the smallest amount withdrawn was 0.69 gal/min by Spring Knoll Estates (#5).
Water-Quality Data
The water-quality data category contains two data sets water-quality data-collection sites and land use; also included is a data compilation listing sites that may be point sources of pollution.
Water-quality data collection sites. This coverage contains information on the locations of past and present USGS and NYCDEP water-quality sites within the study area ( fig. 6 ) and includes the identification number, site name, type of site, period of record, and which chemical analyses were completed on samples from each site. These data are listed in table 3. The USGS had made water-quality measurements at 42 surface-water sites, 53 ground-water sites, and 19 lake or reservoir sites in this study area before this study began (1990) . The NYCDEP currently collects water-quality data at 45 sites on reservoirs, 23 sites on streams or rivers, and at 1 aqueduct.
Data on water-quality data collection sites were obtained from USGS NWIS databases and from the NYCDEP. A retrieval was made from the USGS NWIS Water-Quality Database to identify all USGS data-collection sites (ground water or surface water) in the study area at which water samples had been previously collected for analysis; information on these sites included the site name, the type of site (ground water, surface water, or lake/reservoir), the latitude and longitude, number of samples collected and analyzed, the range of dates of sample collection (samples were collected as early as 1964), and the physical, chemical, and biological constituents for which each sample was analyzed. Also included in the water-quality data-collection site coverage are the locations of surface-water sites run by the NYCDEP at which water samples have been collected for chemical analysis. The NYCDEP provided maps showing locations of the sampling sites and tables containing the following information on each site: type of site (reservoir, stream, aqueduct), number of samples collected, frequency of sample collection, period(s) during which samples were collected, and the physical, chemical, and biological constituents for which the samples were analyzed.
Land use. The land-use coverage represents the major land-use practices in the study area. Land- Figure 5A . Surficial geology and location of public-supply wells and wells yielding at least 50 gallons per minute from surficial deposits within the Croton Reservoir system. Figure 5B. Bedrock geology and location of public-supply wells finished in bedrock and wells yielding at least 50 gallons per minute from bedrock within the Croton Reservoir system. 
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Period of
Constituents Record analyzed 1991-present 1991-present 1991-present 1984-present 1984-present 1984-present 1984-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1986-present 1984-present 1984-present 1984-present 1984-present 1984-present 1984-present 1984-present 1984-present 1984-present Peach Lake at Peach Lake NY Carmel Water District No 3 WTP-Lake Secor 0190t Carmel Wd#3 WTP-Lake Secor 0190t Lk Mahopac Gardens Dist Syst-Lake Mahopac 0192d Lk Mahopac Woods Dist Syst-Lake Mahopac 0194d Mahopac Hills Dist Syst-Lake Mahopac 0198d Lake Gardens Dist Syst-Lake Mahopac 0713d Lake View Park Dist Syst-Lake Mahopac 0195d Lake Mahopac Ridge WTP-Lake Mahopac 0193t Lake Mahopac Ridge WTP-Lake Mahopac 0193r Lk Mahopac Ridge Dist Syst-Lake Mahopac 0193d Mahopac Point Dist Syst-Lake Mahopac 0201d Lake Lincolndale at Lincolndale NY Lake Kitchawan at Lake Kitchawan Lake Katonah at Lake Katonah NY 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987-present 1987- Period of Record n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a Constituents analyzed n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 183 Croton-raw KEY POINT 1987-Present BONP use data for the study were obtained from a variety of sources. Putnam County data were obtained from the NYCDEP as a polygon data set at the scale of 1:24,000, interpreted from 1987 aerial photographs and updated in 1991 with field checking; this data set represented about 50 land-use categories. Westchester County data were obtained from the Westchester County Department of Planning as a polygon data set at a scale of 1:24,000 containing land-use information from the early 1980's; this data set contained 13 landuse categories. Data for Dutchess County and the parts of the study area that are in Fairfield County, Conn., were obtained from the USGS Geographic Information Retrieval and Analysis System (GIRAS) data base, which represents data from the mid-1970's and includes more than 30 land-use categories. Land-use categories that are found in the above data sets include low-, medium-, and high-density residential development; transportation corridors; commercial; industrial; cropland; orchards; deciduous forest land; quarries; light manufacturing; inactive urban; and shopping centers. For the purpose of this study, all land-use categories were combined into four general groups undeveloped land, residential land, agricultural land, and commercial land (including industrial areas and transportation corridors, fig. 7 ).
The dominant land-use category in the study area is undeveloped land which represents 56.7 percent of the study area. The next largest land-use category is residential land (25.3 percent of the study area); although it is present throughout the study area, it is concentrated primarily around transportation corridors, reservoirs, and lakes. The next largest category is agricultural land (7.4 percent of the study area); this category is primarily in the northern and eastern parts of the study area. Commercial land use (4.1 percent of the study area) is concentrated mainly west of the Croton River, between the Muscoot Reservoir and the Croton Falls Reservoir, but also is found along transportation corridors. Lakes and reservoirs (5.7 percent of the study area) and undetermined land use (0.8 percent of the study area) occupy the rest of the study area.
Potential point-source-contamination sites include active and inactive hazardous-waste sites within the study area; data on these sites are listed in table 4. The data were obtained from the NYSDEC, Region 3 (NYSDEC, 1992). The study area contains 24 potential point-source-contamination sites; two are on the USEPA National Priorities List one in Putnam County and one in Westchester County.
POTENTIAL MONITORING SITES
Sites for a water-resources monitoring network in the Croton Reservoir system were selected subjectively with the aid of the GIS coverages described earlier. Three types of data-collection sites were identified that, together, would provide adequate waterresources monitoring for the basin: reservoir-outflowmonitoring sites (to document rate and chemical quality of reservoir outflow), reservoir-inflowmonitoring sites (to document rate and chemical quality of reservoir inflow), and ground-water-monitoring areas (to document ground-water levels and chemical quality of ground water).
Reservoir-inflow and -outflow rates can be used to calculate the change hi reservoir storage for a given period, and ground-water levels at wells provide information on seasonal long-term trends hi the major aquifers throughout the study area. The water-level data also can be used to (1) calculate the amount of water available from aquifers that provide base flow to streams, and (2) monitor long-term trends in water use and aquifer recharge.
The following paragraphs describe the subjective selection of monitoring sites for reservoir-outflow, reservoir-inflow, and ground-water-monitoring areas. The GIS coverages that were used hi the selection of each of these three data categories are given hi table 5.
Reservoir-Outflow Sites
Reservoir-outflow sites would be established either at a dam that forms the reservoir or at the closest site downstream that is suitable for a streamflow gage. Outflow data, when combined with inflow data, can be used to calculate chemical and nutrient loading and calculate the change in storage of the reservoir. Establishment of outflow-measurement sites at several dams throughout the Croton Reservoir system would enable calculation of change in storage and of chemical and nutrient loading within the watershed. GIS coverages that were used in the selection of locations for reservoiroutflow-monitoring sites are given in table 5. The coverages "surface-water gages" and "water-quality sites" were used to identify which reservoirs had long-term data that could (1) provide information on historical trends, and (2) be incorporated with new data-collection efforts. The "diversion," "dams," "public-water-supply withdrawals," and "water-quality point sources" coverages were used to identify areas that have been affected by man. Data-collection sites would be installed downstream from reservoirs to provide data on the quantity and quality of outflow. The "hydrography" and "basins" coverages provided the information needed to delineate the boundaries of the drainage areas represented by each reservoir-outflow site. Eight reservoir-outflow sites ( fig. 8 ) were selected to provide data on the flow and quality of water discharging from the reservoirs; all are at reservoirs and dams maintained by NYCDEP West Branch, Bog Brook and East Branch (combined), Diverting, Croton Falls, Titicus, Cross River, Amawalk, and Muscoot. Data on their drainage areas are given in table 6.
Reservoir-Inflow Sites
The second group of data-collection sites that was subjectively selected included sites on unregulated streams or rivers that discharge to reservoirs in the drainage basins of the Croton Reservoir system. This group provides information on the inflow to reservoirs and, when combined with reservoir-outflow data, can be used to calculate change in storage. Each drainage basin in which a reservoir-inflow site was under consideration was assigned two dominant landuse categories to allow the streamflow and waterquality data from these sites to be projected to similar ungaged sites in areas that represent other basins.
Selection of basins for reservoir-inflow-monitoring sites was based primarily on subbasin boundaries obtained from the GIS "basins" coverage and on the land use within the headwater basin, as indicated by the "land use" coverage. Originally, the basins considered for reservoir-mflow-monitoring were chosen to represent only areas that were either rural or urban, but basins with other secondary land uses were later allowed because most of the basins had other dominant land uses. Additional considerations in the subjective selection of basins for reservoir-inflow monitoring were: population distribution, potential hazardouswaste sites, long-term hydrologic data collected by NYCDEP, transferability of observed trends in flow and water-quality characteristics to other parts of the study area, and the spatial distribution of the selected basins.
Twelve GIS coverages were used in the selection of reservoir-inflow basins (table 5) . Initially, the "basins" coverage was overlain by the "land use" coverage to indicate subbasins with only one or two major land uses; the remaining coverages were then used to further differentiate the subbasins.
Nine reservoir-inflow sites representing a combination of four major land uses were finally selected (fig. 9) ; the primary and secondary land uses and the drainage area of each basin are given in table 7. All of the four primary land-use categories in the Croton Reservoir system are represented in these nine basins. Information gathered in a gaged basin within this group is applicable to ungaged basins within the Croton Reservoir system that have similar land-use characteristics. Some of the basins were selected because certain secondary criteria (such as size or population) would allow comparison of trends in waterresources characteristics; for example, Site 8 was selected because its large drainage area allows study of a wide range in flow trends, and site 9 was selected because it has a large population and, thus, could provide information on the effects of urban development. 
Ground-Water-Monitoring Areas
The third group of data-collection sites that was identified, those in ground-water-monitoring areas, included sites where an observation well could be installed for sample collection and water-level measurement. As with the reservoir-inflow sites, all possible ground-water-monitoring areas were first identified, and the smallest number that would adequately describe the ground-water quality and ground-water levels within the study area was subjectively chosen.
Twelve GIS coverages were used to identify the ground-water-monitoring areas (table 5) ; the boundaries of the previously identified reservoir-inflow basins also were used. The "bedrock geology" and "surficial geology" coverages were used to identify the formations and aquifers of greatest importance in the study area, and the monitoring areas were selected to represent each of the primary geologic formations and aquifers. A monitoring area also would be selected in each of the eight selected reservoir-inflow-monitoring basins so that each reservoir's basin would have both surface-water and ground-water data. Final selection resulted in 16 ground-water-monitoring areas in the Croton Reservoir system (fig. 10) . Each area represents a different geologic unit and(or) represents an entire reservoir-inflow basin. The locations represented and primary reasons for selection for each ground-water basins are listed in table 8. Eight of the areas contain reservoir-inflow basins; five others represent major bedrock formations; and the remaining three represent surficial aquifers.
Each of the 16 ground-water monitoring areas will have one well an index well from which groundwater-level data and water samples will be collected on a routine basis. The process for selection of an index well in each ground-water-monitoring area will be to first collect water samples from five wells in each area, then identify which of these wells best reflects the chemistry characteristics of ground water in that area and use that well as the index well for that area.
Water-Quality-Monitoring Sites
The objective of the water-resources-monitoring network is to collect water-quality data that can be used to indicate the effects of land use on the quality of surface water and ground water in the basin and to identify temporal or spatial trends. Routine collection of water samples from all data-collection sites would provide the data. Water quality was given high priority during the site-selection process.
All data-collection sites described previously also serve as sampling sites for water-quality analysis. Samples from the surface-water sites (reservoir-outflow and -inflow sites, figs. 8 and 9, respectively) would be analyzed for major cations and anions, trace metals, pesticides, and nutrients, and samples from wells would be analyzed for major cations and anions, trace metals, volatile organic compounds, pesticides, nutrients, and radon.
SUMMARY
Urbanization in the Croton River watershed in southeastern New York has led to the deterioration of water quality within the basin. A GIS data base was used in the site-selection process for a waterresources-monitoring network in the Croton Reservoir system. The monitoring network could enable water managers to detect future changes in the quality of surface water and ground water. The site-selection process consisted of two steps. The first was to develop a GIS data base of longterm and current water-resources data; the second was to apply the GIS data base to subjectively identify potential locations for measurement of surface-water discharge and ground-water levels and for sampling of surface water and ground water. The GIS data base consisted of 15 coverages "basins," "population," "land use," "roads," "hydrography," "surface-water gages," "inflows and diversions," "bedrock geology," "surficial geology," "public-water supply withdrawals," "ground water," "water-quality sites," "water-quality point sources," "dams," and "land surface." The GIS provided an efficient method of storing data for use in the identification of suitable locations for monitoring sites.
Three types of potential monitoring sites were subjectively identified: reservoir-outflow sites, to provide data on the rate of water flowing out of each reservoir; reservoir-inflow sites, to provide unregulated-streamflow data that could be transferred to ungaged sites; and ground-water monitoring areas, in which an index well would be established to monitor ground-water levels. Water samples would be collected at all surface-water and ground-water sites for chemical analyses, and the results would be used in conjunction with streamflow data and ground-water levels to evaluate and monitor all water resources of the Croton Reservoir system. Eight reservoir-outflow sites, nine reservoir-inflow sites, and 16 ground-water monitoring areas were subjectively selected.
water impounded by the dam; the owner of the dam; and the stream, river, or reservoir on which the dam is located. Data on the dams in the study area were developed into an ARC/INFO point coverage.
Coverage: LAND SURFACE Land-surface contours at 50-foot intervals Scale: 1:100,000 Data type: Lines (Arcs) Source agency: USGS Coverage Development: Digital Elevation Models (DEMs) at 1:100,000 scale for the study area were obtained from the USGS and converted into an ARC/INFO coverage which, in turn, was modified to include only 50-foot landsurface contours and even multiples thereof.
